This work shows results obtained in the electrochemical incineration of a synthetic vinasse with initial chemical oxygen demand (COD) of 75.096 g L 21 in aqueous media (which resembles vinasse industrial wastewater). Electrolyses in a filter-press-type FM01-LC electrochemical reactor equipped with a three-dimensional (3D) boron doped diamond electrode (BDD) were performed at Reynolds values between 22 # Re # 109, and a fixed current density of 10 mA cm 22 . The electrochemical incineration achieved up to 97% in vinasse mineralization with current efficiencies that surpass unity and energy consumption of 168 KW-h m 23 , at Re ¼ 109. The mineralization of vinasse indicates that such degradation occurs via hydroxyl radicals formed by the oxidation of water on the BDD surface. Experimental data revealed that hydrodynamic conditions slightly influence the vinasse degradation rate and current efficiency, indicating that the oxidation involves a complex pathway.
INTRODUCTION
Vinasses are residues from fermentation and distillation processes taking place in industrial plants that produce ethyl alcohol (Martin et al. 2003; and wines (Benítez et al. 2000) . It is estimated that during the production of 1 kg of anhydrous alcohol between 16 and 124 L of vinasse are generated. These residues have high concentrations of organic matter expressed in terms of the chemical oxygen demand (COD) whose values range between 30 , COD , 150 g L 21 . Some organic substances contained in vinasses include alcohols, aldehydes, phenols, carboxylic acids, esters and non-fermented sugars.
It has been reported that when concentrated vinasses are irrigated into agricultural soils, they usually modify alkalinity and manganese concentration in the soil, thereby destroying cultures (Cirilo et al. 2007) . This is due to high COD concentrations; however, if the amounts of these vinasses are controlled or well diluted, they can be used in agricultural activities. On the other hand, discharge of these residues to recipient water bodies, such as rivers, has a damaging ecological impact on water life (Cortez et al. 1997) .
Biological treatment of vinasses employs fungi or microorganisms that feed on organic matter and thus decrease their COD. These processes use either anaerobic reactors, where biogas is recovered as a product, or aerobic reactors (Rao 1972; Sheehan & Greenfield 1980; Vlyssides & Zouboulis 1993; Benítez et al. 2000; Martin et al. 2003 Martin et al. , 2005  Pé rez Garcia et al. 2005; Pant & Adholeya 2007; Singh et al. 2008) . Such biological treatment partially oxidizes the alcohols, aldehydes, carboxylic acids, esters and sugars; however, it is little effective in phenol degradation, for which reason the treated vinasses are sometimes even more hazardous (Vlyssides & Zouboulis 1993; Singh et al. treatment times (Pé rez Garcia et al. 2005) and are usually carried out in stabilization lagoons that occupy huge land extensions.
Another approach to vinasse treatment is represented by Fenton reagent (Utset et al. 2000; Agladze et al. 2007) , however this treatment focuses on oxidizing organic matter at low concentration and the reported efficiencies are poor.
Recently, electroincineration processes, using dimensionally stable anodes (DSA) have shown their convenience for organic matter degradation. Many investigations have been carried out on materials, such as RuO 2 , PbO 2 and SnO 2 , employed as anodes, for the degradation of organic pollutants (Bonfatti et al. 1999; Borras et al. 2006) . At the surface of these materials, water oxidation products, such as OHz, H 2 O 2 , O 2 and O 3 , are generated indirectly by oxidizing organic pollutants. However, these anodes corrode and tend to become deactivated, diminishing their efficiency and useful life (Bonfatti et al. 1999) . A previous work developed by Vlyssides et al (1997) reports electrochemical incineration of vinasse in a cylindrical electrochemical reactor using a DSA as anode. Vinasse degradation was induced by active chlorine (given by the mixture of chlorine (Cl 2 ), hypochlorous acid (HOCl) and hypochlorite ion (OCl 2 )), electro-generated at the DSA in solution previously added with sodium chloride; this degradation is performed from an initial COD of 72000 ppm up to 8000 ppm. Partial vinasse degradation was due to the fact that active chlorine oxidants are weak oxidants.
In addition to the above, the generation of chloroaromatic compounds following the electrotreatment makes the treated effluent be more toxic.
Synthetic boron-doped diamond electrodes (BDD), manufactured by chemical vapor deposition, have been recently used for organic compound degradation (Rodrigo et al. 2001; Zhi et al. 2003; Martínez-Huitle et al. 2004; Panizza et al. 2005; Butró n et al. 2007; Nava et al. 2007 ).
This degradation is made using oxidants formed at the anode, principally hydroxyl radicals (OHz), which have unique properties that allow oxidation of organic compounds to CO 2 . The formation of (OHz) comes from water oxidation on BDD, equation (1); however, H 2 O oxidation may be taken either to oxygen species or to hydrogen peroxide if current densities are not controlled (Butró n et al.
2007
; Nava et al. 2007) . 
METHODS

Experimental details
All solutions were prepared with analytical grade reagents and deionised water with 18 MV 21 cm 21 resistivity from a Milli-QY system. Synthetic Vinasse solutions were prepared using 14.4 g L 21 citric acid (20.1%), 11.2 g L 21 glycerol (15.6%), 19.2 g L 21 glucose (26.8%) and 26.88 g L 21 saccarose (37.5%) giving a chemical oxygen demand (COD) of 75096 ppm; the resulting solution exhibits a conductivity of 2.5 mS cm 21 , and pH 3, maintained at 298 K. It is important to point out that the composition of the prepared solution resembles the vinasse originated from industrial production of alcohol wastewater.
Equipment
A potentiostat-galvanostat EG&G model PAR 273 and M270 software were used for all electrochemical experiments. Chemical oxygen demand (COD) analyses were performed using a dry-bath Lab Line Model 2008, and a spectrophotometer Genesys 20. The cell potential was determined through an Agilent TM high impedance multimeter.
Electrolyses in the FM01-LC
As previously mentioned, the FM01-LC reactor has been described in detail in the literature (Brown et al. 1992; Griffiths et al. 2005; Butró n et al. 2007; Nava et al. 2007 ). An exploded view of the cell that includes the turbulence promoter used within the cell channel is shown in Figure 1 .
In this work the spacer was 0.6 cm thick. The electrodes were 3D BDD and a platinum coated titanium flat sheet, respectively. Details on the FM01-LC characteristics are given in Table 1 . Reynolds numbers, Equation (2), comprised between 22 # Re # 109.
where u is the mean liner flow velocity of electrolyte in the channel of the FM01-LC, d p is the particle size of the 3D BDD mesh, e is the ratio of the free space in the channel to overall channel volume (overall voidage), and y is the kinematics viscosity. The incineration of organic matter was followed by COD analysis of samples taken at different times. The COD values were determined by closed reflux dichromate titration method (Standard Methods for the Examination of Water and Wastewater 1995). 
RESULTS AND DISCUSSION
Electrochemical incineration of vinasses in a FM01-LC using BDD electrodes (Figure 2) , where the volume of electrolyte in the reservoir is 34 times greater than the contained within the FM01-LC, see Table 1 .
From the analysis of Figure 4 , it may be observed that the degradation kinetics of vinasse is slightly dependent on the Re. Moreover, the zero order kinetics indicates that the degradation is not completely controlled by mass transport.
The 97% 
where F is the Faraday constant (96,485 C mol 21 ), V is the solution volume in cm 23 , COD(0) and COD(t) are the chemical oxygen demands at the beginning and at time (t) of the electrolysis in mol cm 23 , I is the current applied in the electrolysis in ampere, t is the time of electrolysis in s, and 4
is the electron transferred of oxygen. On the other hand, current efficiency does not show marked improvement with Re, at 5 # % mineralization # 65 ( Figure 5 ), indicating a complex mechanism of vinasse degradation as was previously discussed in Figure 3 .
However, at % mineralization $ 70, the increase of current efficiency as a function of Re, for Re $ 66, may be due to the fact that at high Re there is a better mass transport of the pollutants towards the anode surface.
It is important to mention that similar current efficiencies, surpassing unity, were obtained by Butró n et al. (2007) and Nava et al. (2007) , during p and o-cresol and indigo mineralization process in the same FM01-LC reactor. 
where, E cell is the cell potential in V and V m is the molar volume in cm 3 mol 21 . The value of 3.6 is a correction factor which converts E c to units of KWh m 23 .
The analysis of Figure 6 shows that the energy consumption by electrolysis remains constant in a value , It is important to point out that electroctrochemical treatment proposed here could be adapted to a biotechnological treatment in order to reduce the cost of the treatment. On the other hand, it is important to mention that some partial degradation of vinasse lead them to be used as water for agricultural purposes. The above mentioned issues were beyond the capabilities of the present work; however, these analyses could be useful for vinasse treatment optimization.
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